Slow rusting in wheat infected with the stem or leaf rust rusts slowly with the stem rust pathogen and rapidly with the leaf pathogens has been demonstrated to be a highly heritable trait rust pathogen. (3,7), but its usefulness in the control of the rusts depends in large In 1973 In , 1974 In , and 1975 leaf rust caused by Puccinia recondita part on how stable it is when the slow rusting cultivars are grown f.sp. tritici developed in the plots from naturally occurring under various environmental conditions. Fertilizers constitute an inoculum. Races UN 2 and UN 17 were the most common races in environmental factor that varies greatly from field to field and the area. Stem rust was not evaluated because leaf rust was so influences the susceptibility of plants. In general, fertilization with severe that stem rust did not develop appreciably. nitrogen alone tends to increase the susceptibility of plants to the In 1976 the In , 1977 the In , and 1979 the plots were inoculated with P. rusts, whereas fertilization with phosphorus or potassium alone graminis f.sp. tritici and leaf rust was prevented from developing by tends to decrease susceptibility. When these elements are used in a spraying 2-wk-old plants and the ground around them with a balanced fertilization program, phosphorus and potassium tend to solution of triazbutil (4-butyl-4H-1,2,4-triazole) (Indar®, Rohm overcome the adverse effects of nitrogen. The effects of fertilization and Haas Co., Philadelphia, PA 19105) in water at the rate of 877 on stem and leaf rusts have been summarized by Stakman and ml per hectare. Infection with P. graminis f.sp. tritici was initiated Aamodt (8), Chester (2), and more recently by Kiraily (4) and by spraying freshly collected urediospores of race 15B2-TLM, a Capetti et al (1) . The objectives of this study were to evaluate the race that commonly occurs in this part of Minnesota, suspended in slow rusting characteristics of three cultivars in an NPK factorial Soltrol® (Phillips 66, Bartlesville, OK 74003), uniformly over each experiment.
plot. The plants were inoculated when in the early boot growth stage. The border plants around the field also were inoculated.
MATERIALS AND METHODS
Rust severity was evaluated once each week beginning about 1 wk before inoculation. After the disease appeared, rust seventies A field at Rosemount, MN, in which a factorial experiment with were evaluated for an additional 3-5 wk with the aid of the NH 4 NO 3 , P 2 0 5 , and K 2 0 had been established in 1959 and modified Cobb scale (5). Rust severity data obtained in each plot continued annually, was used throughout. Corn, alfalfa, and oats were converted to area under the disease progress curve (AUDPC) have been grown on the field. During the 2 yr preceeding these with the aid of the computer program used by Skovmand et al (7) . experiments, the field was not fertilized and was planted with oats.
AUDPC, an indication of both the amount of rust present during The fertilized plots were 7.7 > 19 m and the treatments were the growing season and the rate at which it developed, was used to randomized with four replicates. Each year 363 kg of NHnNO 3 , 312 indicate the slow rusting characteristic of the cultivars in the kg of P 2 0 5 , and 335 kg of K 2 0 per hectare were scattered by hand various fertilizer treatments. Analysis of variance was used to help on the appropriate plots before planting, and the field was disced.
interpret the AUDPC values in the various treatments. When the Spring wheat (Triticum aestivum L.) cultivars Lee, Marquis, and analysis of variance indicated that the fertilizer treatments had a Thatcher each were planted in 2.4-in-wide strips across each significant effect on rust development, individual fertilizer effects fertilizer plot at the rate of 90 kg of seed per hectare. Planting was were studied by comparing the average AUDPC values from all done during the last week of April or the first week of May, the plots that received the fertilizer with values from all that did not. normal planting time for this area. Weeds were controlled with propachlor ( 2 -chloro-N-isopropylacetanilide) and 2,4-D (2,4-RESULTS dichlorophenoxyacetic acid). The entire experimental field was surrounded with a 6. 1-in-wide border of Marquis wheat.
There was no statistically significant fertilizer >K cultivar The wheat cultivars were chosen for study because they are interaction in any of the years of the test, which indicates that the susceptible to the races of Puccinia graminis Pers. f.sp. tritici and P.
relative susceptibilities of the cultivars to the rusts were not changed recondita Rob. ex Desm. f.sp. tritici studied, but they differ in the by the fertilizer treatments. In 1973 In , 1974 In , and 1975 leaf rust developed rate at which they rust: Marquis rusts rapidly with both pathogens, about equally in Marquis and Thatcher, as indicated by the Lee rusts moderately rapidly with both pathogens, and Thatcher nonsignificant average values for AUDPC, but it was significantly less severe in Lee (Table 1) . In 1976 In , 1977 In , and 1979 stem rust developed about as expected: for Thatcher the average value for _________________________________________ AUDPC was 321 or lower, for Lee it was 640 or lower, and for 0031 -949X/80/09093003/$03.00/0 there was in the other 2 yr (Table 2 ). In 1977 treatment of plots with 0 704 1,213 799 542 377 627 P 2 0 5 significantly (P = 0.05) increased the average value of aFor each year the data are average values across all cultivars in plots.that AUDPC and treatment of plots with K 2 0 decreased (P = 0.05) received or did not receive the indicated ferilizer. An asterisk on a data pair AUDPC, but NH 4 NO 3 did not significantly influence AUDPC. In indicates that the effect of the fertilizer was statistically significant (P 1979 treatment of plots with NH 4 NO 3 increased (P = 0.05) the 0.05). For data pairs without asterisk, the differences were not significant. average value of AUDPC, whereas P 2 0 5 and K 2 0 had no significant effect.
Thatcher rusts slowly with stem rust pathogen, but rapidly with leaf rust pathogen (3,7). The slow rusting characteristics of these DISCUSSION cultivars were maintained throughout the 3 yr of tests with each rust, in an NPK factorial experiment. The interaction of cultivars It is possible that the failure to detect a significant effect of and fertilizers was nonsignificant, indicating that the fertilizer fertilizer treatment on leaf and stem rust development may have treatments had similar effects on all three cultivars. been due to a fairly high level of fertility in the field when the The development of leaf and stem rusts was influenced by the experiment was started. An effort was made to obtain a field that fertilizer treatments, although the treatments did not significantly was low in fertility by using one in which individual plots had been affect the slow rusting traits of the cultivars. The effect of the fertilized with N, P, or K each year for many years. In addition, fertilizers was not consistent from year to year. NHNO 3 usually during the 2 yr previous to the experiments, the field was not did not influence the development of the rusts, but it caused leaf fertilized at all and was planted with oats. Observations on plant rust to be more severe in 1975 and stem rust to be more severe in growth and yields indicated that the plots did differ in fertility. In 1979. P 2 0 5 generally did not influence the development of the rusts, the plots that received the combined nitrogen-phosphorus and but in 1977 it increased the severity of stem rust. K 2 0 usually did potassium treatment, the plants were deep green in color and were not influence the development of the rusts, but it did cause leaf rust about 100 cm tall at maturity, whereas in the nonfertilized plots, the to be less severe in 1973 and stem rust to be less severe in 1979. It plants were light green in color and about 76 cm tall. The annual was impossible to predict what fertilizer would affect rust yields were 269-405 kg/ha more in the fertilized plots than in those development in a particular year. not fertilized.
The amounts of each fertilizer applied to the plots were higher This report confirms previous observations that Lee rusts than is recommended for tall spring wheat cultivars in Minnesota, moderately rapidiy with P. graminis f.sp. tritici and P. recondita but they were applied to provide contrasting fertility effects. The f.sp. tritici, Marquis rusts rapidly with both pathogens, and data suggest that under customary fertility practices the slow
